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(g) Method and apparatus for controlling the emission spectrum of a light emitting diode. 



(57) The emission wavelength of an LED (1) is 
controlled by measuring its ambient tempera- 
ture (4) together with the applied current (2) and 
voltage (3). A processor (5) computes the actual 
emission wavelength from the measured values 
and stored data relating to the LED (1) and 
contrls (6) the power applied to the LED (1) in a 
feedback loop to bring the emission wavelength 
to a desired value. 
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This invention relates to a method and apparatus 
for controlling the emission spectrum of a light emit- 
ting diode, and more especially to a method and ap- 
paratus which is able to control the emission spectrum 
of a light emitting diode (LED) with high precision to 
enable the latter to be utilized for an emission element 
of a standard light source, as an LED light source for 
a sensor, in optical communication equipment, and 
the like. 

It is known that the emission spectrum of an LED 
changes with ambient temperature or with the driving 
current. In order to take account of this, when an LED 
standard light source which emits light of a specific 
spectral wavelength is manufactured, the LED is, for 
example, set in a thermostatic chamber and the tem- 
perature of the LED is controlled to a specified value 
while monitoring the emission spectrum. 

In order to control the emission spectrum quanti- 
tatively and precisely by monitoring the emission 
spectrum itself, a spectrometer is needed that is bulky 
and expensive. The system as a whole thus becomes 
expensive and is also inconvenient to carry about and 
difficult to handle. 

It is an object of the invention to solve the above- 
mentioned problem, and to provide an emission spec- 
trum control apparatus which is simple, is of small size 
and easy to handle. AJso the manufacturing cost of the 
system should be reduced by making possible mass 
production using integrated circuitry. 

The invention accordingly provides a method for 
controlling the emission wavelength of a light emitting 
diode (LED), characterised in that it comprises the 
steps of measuring the ambient temperature of the 
LED, measuring the energising power applied to the 
LED, calculating the emission wavelength from the 
measured values of temperature and applied power 
and from known characteristics of the LED, determin- 
ing the difference between the calculated emission 
wavelength and a desired emission wavelength and 
controlling the power applied to the LED in a sense 
such as to reduce said difference. 

The invention further provides an apparatus for 
controlling the emission spectrum of a light emitting 
diode, and including means for energising a light emit- 
ting diode (LED), characterised in that it comprises 
means for measuring the power applied to said LED 
by said energising means, means for measuring the 
temperature of said LED, means for controlling the 
power applied to said LED and means for calculating 
the emission wavelength of the LED from said meas- 
ured values and for operating said control means to 
vary the power applied to said LED in accordance with 
a difference between said calculated value of the 
emission wavelength and a desired value. 

Further preferred features and advantages of the 
invention will become apparent from the following de- 
scription, read in conjunction with the claims. 

The invention is illustrated by way of example in 



the accompanying drawings, in which : 

Fig. 1 is a block circuit diagram of one embodi- 
ment of apparatus according to the invention, 
Fig. 2 is a side elevation of one example of an 
5 LED for use in an apparatus according to the in- 

vention, 

Fig. 3 is a flow chart illustrating steps in the cal- 
culation of the emission wavelength of an LED, 
and 

10 Fig. 4 is a flow chart illustrating steps in the control 

of the emission wavelength of an LED. 
First, the principle for controlling an LED emission 

spectrum according to the present invention will be 

explained. 

15 The emission wavelength energy is expressed by 

the following equation: 

(Emission wavelength energy) = (Optical bandgap 
at a standard temperature) -ax (Applied power) - 
p x (Difference from a standard temperature) (1) 

20 The standard temperature in equation (1) can be 

an arbitrary temperature decided beforehand, and the 
coefficients, a and p are values obtained experimen- 
tally based on characteristics of the LED such as its 
material, its shape, etc. The optical bandgap of a ma- 

25 terial is decreased by the heat generated by the driv- 
ing power or a rise in ambient temperature. Since the 
wavelength energy (the reciprocal of emission wave- 
length) is dependent upon the optical bandgap, once 
the values of the coefficients a and p have been found 

30 experimentally, the emission wavelength can be ob- 
tained from equation (1). The emission wavelength 
spectrum can then be controlled by controlling the 
corresponding driving power of the LED. 

Referring to Fig.1, the reference numeral 1 indi- 

35 cates an LED with an associated temperature sensor, 
not shown. The LED 1 is coupled to a power source 
indicated diagrammatically at 7 via a circuit 2 for 
measuring and controlling the current drawn by the 
LED 1 and a circuit 3 for measuring and controlling the 

40 voltage applied to the LED 1 . An input of a tempera- 
ture measuring circuit 4 is coupled to an output of the 
said sensor, and an output of the temperature meas- 
uring circuit 4 is coupled to an input of a computing 
unit 5. Further inputs of the computing units are cou- 

45 pled to measurement outputs of the circuits 2 and 3, 
and an output of the computing unit 5 is coupled to an 
input of a circuit 6 for controlling the emission wave- 
length of the LED, the latter circuit having outputs cou- 
pled to control inputs of the circuits 2 and 3. 

so In this case, the temperature to be measured by 

the sensor referred to is not limited to the temperature 
of the LED itself, and the temperature of the environ- 
ment in which the LED is disposed can be measured. 
The sensor can be either a contact type or a noncdn- 

55 tact type, and the desirable range in which a sensor 
may be disposed is within a radius of 300 mm from a 
radiating LED in the case of a contact type sensor, 
and within 15 mm in the case of a noncontact type 
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sensor. More than one LED or more than one sensor 
can be provided if desired; in this case, provided that 
the shortest distance among the combinations of pos- 
itions of sensors and positions of LED's is within the 
range of 300 mm or 15 mm, the arrangement can be 5 
considered to be satisfactory. A thermocouple or a 
platinum resistor can be used as a contact type sen- 
sor, an an infrared ray detector or a thermopile can be 
used as a noncontact type sensor. 

Fig. 2 shows an embodiment of an LED lamp pro- 10 
vided with a sensor for temperature measurement An 
LED 11 is bonded to a TO-18 can type header 17, a 
C-A thermocouple 12 is fixed in place with an epoxy 
adhesive 13 such as Araldite (Registered Trade 
Mark), the LED and a terminal pin 16 are connected 15 
with an Au wire 14, and the above-mentioned ar- 
rangement is encapsulated in a transparent coating 
resin 15. 

When the arrangement described above is incor- 
porated in the circuit of Fig 1 the operation of the sys- 20 
tern is as follows: A temperature signal detected by 
the thermocouple 12 is converted to a digital signal by 
the temperature measuring circuit 4, which includes a 
voltmeter and an A/D converter, and the temperature 
information is input to the computing unit 5. On the 25 
other hand, values of the voltage and current applied 
to the LED 1 1 are input to the computing unit 5 from 
the measurement and control circuit 2, and the meas- 
urement and control circuit 3. In the computing unit 5, 
a calculating operation is performed utilising the 30 
above-mentioned equation (1), as described in more 
detail below, to determine the present emission wave- 
length of the LED 11. From the calculated result, the 
difference between the calculated wavelength and a 
desired wavelength is determined in the emission wa- 35 
velength control means 6, and the emission wave- 
length is controlled in accordance with the equation 
(1), as also described below, via the current measure- 
ment and control circuit 2 and/or the voltage measure- 
ment and control circuit 3. The power control for the ' 40 
LED can be performed by controlling current or vol- 
tage individually or both of them simultaneously. Thus 
a desired emission wavelength spectrum can be ob- 
tained from the LED. 

The above mentioned emission wavelength cal- 45 
culation will now be explained. As shown in Fig, 3, the 
following data values are derived from stored data 
characteristics of the LED: the coefficient a is 0.1946; 
the coefficient p is 4.707 x 10- 4 and the optical gap, 
Eg, at a standard temperature is 1.828580 eV (steps so 
31 to 33). Then, measured values of 0.03 A 1.86 V 
and 60° C are substituted for current, i, voltage, v, and 
temperature, T, respectively (steps 34 to 36). The val- 
ue ml = a x i x v, and the value m2 = Eg - 60 x p are 
found (step 37), and the present emission wavelength 55 
HCI is obtained from the formula 12407(m2-m1) (step 
38). The value (m2-m1) corresponds to the right side 
of the equeation (1), and its reciprocal is the emission 



wavelength. The number 1240 in step 38 is a con- 
stant. 

In the emission wavelength control process, as 
shown in Fig. 4, first, a desired wavelength HC2 is in- 
put and then the present emission wavelength HC1 
derived from the above calculation is input (step 41 
and 42). Next, the values HC1 and HC2 are com- 
pared, and if HC1 is larger, the power applied to the 
LED 11 is decreased, whereas if HC1 is smaller, the 
power is increased. The above processes are contin- 
uously repeated and thus the emission wavelength 
can be maintained at the desired value HC2. 

A simple explanation of the coefficients a and p 
will be given in the following examples. 

1. At 273 K, 

when i = 1 0 mA, v= 1 .720 V and the central 
frequencey, HC, = 679.2 nm, are detected, and 
when i = 20 mA, v = 1.825 V and the central fre- 
quencey, HC, = 680.6 nm are detected, and these 
data are substituted in equation (1) the value a = 
0.1 945336-- is obtained. 

2. At 293 K 

when i = 1 0 mA, v = 1 .690 v and the central 
frequency, HC, = 682.7 nm are detected, and 
when i = 20 mA, v = 1 .800 V and the central fre- 
quency, HC, = 684.1 nm are detected, and these 
data are substituted in equation (1) the value a = 
0.1945654 — is obtained. Therefore, it is under- 
stood that a is a constant independent of temper- 
ature and the value is approximately 0.2. When 
the equation (1) is solved for p giving the condi- 
tions, 1 and 2, described in the above, p=4.707 x 
10-^ is obtained. 

In equation (1), when the standard temperature, 
Td, = 273K, Eg = 1 .828580, the temperature, Ti, = 333 
K (60° C), and the current i flowing the LED = 30 mA, 
the voltage, v, = 1.86 V is obtained using the values, 
a = 0.2, and p = 4.707 x 1 0r 4 ; when HC is obtained by 
an operation process using these data, the emission 
wavelength, HC, is found to be 692.888 nm. On the 
other hand, a measured value determined experimen- 
tally is 692.900nm. Thus the error (difference be- 
tween the emission wavelength energy obtained by 
calculation and the measured value) is as little as 0.03 
meV in the method according to the invention. 

Therefore, as described above, the present in- 
vention makes it possible to control an emission wa- 
velength extremely precisely simply by measuring the 
current, the voltage and the temperature of the LED, 
with a simple apparatus and without actually measur- 
ing the emission spectrum using an expensive appa- 
ratus such as a spectrometer. Thus, it is possible to 
provide an emission spectrum controlling apparatus 
of low cost which can be used for an LED standard 
light source, LED light sources for sensors, optical 
communication equipment and the like. 
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Claims 

1. A method for controlling the emission wavelength 
of a light emitting diode (LED), characterised in 
that it comprises the steps of measuring the am- s 
bient temperature of the LED, measuring the en- 
ergising power applied to the LED, calculating the 
emission wavelength from the measured values 

of temperature and applied power and from 
known characteristics of the LED, determining 10 
the difference between the calculated emission 
wavelength and a desired emission wavelength 
and controlling the power applied to the LED in a 
sense such as to reduce said difference. 

15 

2. A method according to Claim 1, characterised in 
that the temperature of the LED is measured by 
means of a sensor in thermal contact with said 
LED and within a radius of 300 mm thereof. 

20 

3. A method according to Claim 1, characterised in 
that the temperature of the LED is measured by 
a sensor responsive to radiant heat and located 
out of contact with said LED within a radius of 1 5 

mm thereof. 25 



of the LED (11) comprises a thermocouple (13) in 
thermal contact with the LED (11) and a measur- 
ing circuit (4) responsive to the output of the ther- 
mocouple. 

8. An apparatus according to claim 6 or 7, charac- 
terised in that said means (5) for calculating the 
emission wavelength comprises a data processor 
programmed to derive the emission wavelength 
from values provided by said measuring means 
(2,3,4) and from stored data values relating to 
said LED. 

9. An apparatus according to any one of claims 6-8, 
characterised in that said means for measuring 
the applied power comprise separate means (2,3) 
for measuring respectively current and voltage 
applied to said LED. 

1 0. An apparatus according to any one of claims 6-9, 
characterised in that said means (6) for control- 
ling the power applied to said LED is arranged to 
control the current and/or the voltage applied to 
said LED. 



4. A method according to any one of claims 1-3, 
wherein the power applied to said LED is meas- 
ured by measuring separately the voltage applied 
thereto and the current drawn thereby. 30 

5. A method according to any one of claims 1-4, 
wherein the emission wavelength is calculated 
from the formula 

(Emission wavelength energy) = (optical 35 
bandgap at a standard temperature) -ax (Ap- 
plied power) - p x (Difference from a standard 
temperature). 

wherein a and p are coefficients deter- 
mined experimentally for the LED concerned. 40 



6. An apparatus for controlling the emission spec- 
trum of a light emitting diode, and including 
means (2,3) for energising a light emitting diode 
(LED) (1,11), characterised in that it comprises, 45 
means (2,3) for measuring the power applied to 
said LED by said energising means (2,3), means 
(12,4) for measuring the temperature of said LED, 
means (6) for controlling the powerapplied to said 
LED and means (5) for calculating the emission so 
wavelength of the LED from said measured val- 
ues and for operating said control means (6) to 
vary the powerapplied to said LED in accordance 

with a difference between said calculated value of 

the emission wavelength and a desired value. 55 

7. An apparatus according to Claim 6, characterised 
in that said means for measuring the temperature 
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@ Method and apparatus for controlling the emission spectrum of a light emitting diode. 

(57) The emission wavelength of an LED (1) is 
controlled by measuring its ambient tempera- 
ture (4) together with the applied current (2) and 
voltage (3). A processor (5) computes the actual 
emission wavelength from the measured values 
and stored data relating to the LED (1) and 
contrls (6) the power applied to the LED (1) in a 
feedback loop to bring the emission wavelength 
to a desired vaJue. 
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